ABSTRACT. Two new polymeric complexes, [Zn(dpa)(pyz)0.5]n (1; dpa = diphenate and pyz = pyrazine) and [Mn3(bpdc)3(py)4]n (2; bpdc = biphenyl-4,4'-dicarboxylate and py = pyridine) were successfully isolated by the hydro-and solvo-thermal technique, respectively. The complexes were characterized by elemental and thermal analysis, vibrational IR spectroscopy, and by single crystal x-ray structure determination. For 2, magnetic property was also investigated. Complex 1 is a two-dimensional layer structure consisting of a paddle-wheel building unit of Zn-dpa chains bridged by pyrazine. While, complex 2 consists of linear trimeric Mn3 cluster as building unit to form 3D network. In the complexes, dpa 2-(1) and bpdc 2-(2) ligands show a typical bis-monodendate bridging and two kinds of bridging modes; a typical bridging and chelating/bridging mode, respectively.
INTRODUCTION
Recently metal-organic framework (MOF) materials are attracting much interest, not only because of their intriguing structures, 1 but also due to their potential applications as functional materials.
2−4 Dicarboxylic acid, such as diphenic acid and biphenyl-4,4'-dicarboxylic acid is a good candidate ligand for the design and construction of multidimensional metal-organic networks since the ligand has rich coordination modes 5, 6 and forms hydrogen bonding interactions through the oxygen atoms of the carboxylate group.
7,8
The combination of carboxylate-containing ligand and neutral pyridyl-containing ligand is also successful strategy in building supramolecular networks, using one ligand to construct basic units and another auxiliary ligand to extend the framework. 9, 10 At the same time, the utilization of mixedligand can give much more assembly process with metal ions through changing one of two types of organic ligands.
11
However, as is well known, the coordination nature of metal ions, the structural characteristic and metal affinity of organic ligands, stoichiometry of reactants, pH of the solution, and counter ions are crucial factors in the assembly process of coordination polymers. Sometimes, a small variation in any of these factors can lead to new complexes with different structural topologies. 12, 13 Therefore, it is difficult to predict either the composition or structure of the product. And so much work is required for that.
During studies aimed at constructing multi-dimensional frameworks using dicarboxylate ions, 14, 15 we have isolated 2D and 3D-coordination polymers, [Zn(dpa)(pyz) 0.5 ] n (1) and [Mn 3 (bpdc) 3 (py) 4 ] n (2) based on the mixed-ligand of dicarboxylate and N-donor ligands, respectively. In this paper, we describe the synthesis and crystal structures of the complex 1 and 2. In addition, the thermal and magnetic property of the complexes is discussed.
EXPERIMENTAL
All chemicals are commercially available and were used as received without further purification. Elemental analyses (C, H, N) were performed on a Carlo Erba EA-1106 Elemental Analyzer. Infrared spectra were recorded in the range from 4000 to 400 cm −1 on a Mattson Polaris FT-IR Spectrophotometer using KBr pellets. Thermogravimetric analysis (TG) was performed on a TA Discovery TGA instrument with a heating rate of 10°C·min
. The magnetization of complex 2 was measured using a Quantum Design MPMS SQUID magnetometer. All reactions were carried out in 23 ml Teflon-lined stainless-steel autoclave. The vessels were filled approximately to 40% capacity. The initial and final pH of the reaction was measured using Sentron 1001 pH meter. 
X-ray structure determination
Single crystals of 1 and 2 were obtained by the method described in the above procedures. Structural measurement for the complexes were performed on a Bruker SMART APEX CCD diffractometer using graphite monochromatized Mo-Kα radiation (λ = 0.71073 Å) at the Korea Basic Science Institute. The structures were solved by direct method and refined on F2 by full-matrix least-squares procedures using the SHELXTL programs.
16 All nonhydrogen atoms were refined using anisotropic thermal parameters. The hydrogen atoms were included in the structure factor calculation at idealized positions by using a riding model, but not refined. Images were created with the DIAMOND program. 17 The crystallographic data for complex 1 and 2 is listed in Table 1 . 
RESULTS AND DISCUSSION
Complex 1 is a two-dimensional layer structure consisting of one-dimensional dpa-Zn chains bridged by pyrazine. As shown in Fig. 1a , two Zn(II) ions are bridged by four carboxyl groups from four different dpa 2− ligands, forming a paddle-wheel building unit (BU). Each Zn(II) center adopts a five-coordinate square-pyramidal (τ = 0.332 
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The carboxyl groups in dpaH 2 are completely deprotonated (Scheme 1a), and just act as the gemel, forming a 1-D infinite double chain along the c-axis (Fig. 1b) . The phenyl rings of dpa 2-in 1 are not co-planar, with the dihedral angle of 86.1(1)°. Two adjacent Zn-dpa 2-chains are joined together through the pyrazine, forming a 2-D layer structure (Fig. 1c) (14)-105.67 (15) o for Mn2, respectively (Table S1 ).
In the complex, bpdc 2-ligands show two kinds of coordination mode to the metal ion (Scheme 1b): one mode is a typical bridging mode (μ 4 -bridge) and the other is the unusual coordination mode that chelates to one Mn2 atom and, at the same time, bridges the other Mn1 atom (μ 4 -chelate/bridge).
The coordination mode of bpdc 2− ligand affects the extent of the distortion from the ideal octahedral arrangement. Compared to a typical bridging mode, the unusual coordination mode of carboxylate group causes a big distortion from octahedral environment around Mn2. In the typical bridging carboxylate coordination mode, Mn1-O bridging distance is 2.154(3) Å (Mn1-O1, Mn1-O3), and Mn2-O bridging distances are 2.092(4) (Mn2-O2) and 2.126 (4) Å (Mn2-O4). In the unusual coordination mode, Mn1-O bridging distance is 2.249(4) (Mn1-O5) which is a little longer than typical one, and Mn2-O chelating distances are 2.268(4) (Mn2-O5) and 2.235(4) Å(Mn2-O6). In addition, the dihedral angles between two phenyl rings of bpdc 2-in typical and unusual coordination mode are different. The phenyl rings (C2-C7 and C2
iii -C7
iii ) of bpdc 2− in μ 4 -bridge mode are nearly coplanar with the dihedral angle of 0.0 (3) o , on the contrary to the dihedral angle 77.1 (2) o between two planes, C16-C21 and C16
ii -C21
ii in μ 4 -chelate/bridge mode. Each bpdc 2− ligand as μ 4 -bridge links two Mn-Mn units of BU to yield 2D microporous rhombic grid with cavities size of ca. 15.6×15.6 Å 2 (Fig. 2b) . Besides, another interesting feature is the packing of the 2D grids through the remaining bpdc 2− ligand with μ 4 -chelate/bridge fashion that creates rhombic microporous channels (ca. 15.6×15.6 ×14.1 Å 3 ) in an ABAB fashion (Fig. 2c) . The pyridine molecules are nearly planar with mean deviations 0.011(1) and 0.038(7) Å for N1 The IR spectra show a typical antisymmetic and symmetric stretching bands of carboxylate groups at 1540 and 1396 cm -1 for 1 and at 1542, 1523 and 1393 cm −1 for 2, respectively. 23, 24 The separation (Δ) between ν asym (CO 2 ) and ν sym (CO 2 ) is 144 cm −1 for 1 and 149 and 130 cm −1 for 2, respectively. This value is similar to the Δ value calculated (Δ = 1818.1 δ r + 16.47 (θ OCO -120) + 66.8, where δ r is difference between the two CO bond lengths (Å) and θ OCO is the 
OCO angle (°)

25
) from the structural data of the complex 1 and 2: 154 cm −1 for 1 and 144 and 132 cm −1 for 2, respectively. The value in Δ is attributed to the bridging (for 1) or bridging/chelating (for 2) coordination mode of carboxylate groups to the metal, 26 respectively (Scheme 1). The peaks at 1603-1635 and 1577-1592 cm −1 are attributable to the ν(C=N) or ν(C=C) of aromatic group.
27
TG analysis of compound 1 and 2 was performed to observe their thermal behaviors. As shown in Fig. 3 The temperature dependence of the magnetic susceptibility for 2 was investigated in the temperature range from 5 to 300 K under an applied magnetic field of 1000 Oe. The variation of XmT and Xm −1 with T is shown in Fig. 4 . At 300 K, the XmT is 1.28 emu mol −1 K. As temperature is lowered, the XmT value decreases continuously to a value of 0.312 emu mol −1 K at 5K. Such a behavior of XmT curve indicates a mainly antiferromagnetic interaction in 2.
28
The variation of the Xm with temperature follows the CurieWeiss equation because of the linear relationship between Xm −1 and T. The Curie constant and Weiss temperature are found to be 1.43 emu mol −1 K and −18.35 K. The negative Weiss temperature further indicates the antiferromagnetic interactions between Mn(II) ions.
22,29
CONCLUSION
Two new polymeric complexes, [Zn(dpa)(pyz) 0.5 ] n (1) and [Mn 3 (bpdc) 3 (py) 4 ] n (2) were successfully isolated by the hydro-and solvo-thermal technique, respectively. Complex 1 is a two-dimensional layer structure consisting of a paddle-wheel building unit of Zn-dpa chains bridged by pyrazine. While, complex 2 consists of linear trimeric Mn3 cluster as BU to form 3D network. In the complex, the bpdc 2− ligands show two kinds of bridging modes; a typical bridging and chelating/bridging mode. It shows that the coordination modes of ligand to the metal play an important role in the structural diversity of metal complex. The results also suggest an example of 2D and 3D network metal(II) complexes with diphenate/pyrazine and biphenyl-4,4'-dicarboxylate/pyridine system, respectively. In addition, magnetic property for complex 2 indicates the antiferromagnetic interactions between Mn(II) ions
